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Because prolactin has been implicated in the transport of 
electrolytes in several mammalian tissues, we have looked for 
the presence of prolactin in human eccrine sweat glands 
where a primary isotonic secretion, rich in sodium chloride, 
is produced and subsequently modified by recovery of some 
sodium and chloride in excess of water. Sweat glands were 
microdissected from skin biopsies and then fixed overnight in 
phosphate-buffered 4% formaldehyde. The fixed tissue was 
dehydrated (to 95%) in ethanol and then embedded in glycol 
methacrylate. Sections were cut (5 11m) and immunostained 
with antihuman prolactin (NIDDK IC2) and the specifi-
cally-bound antibody was visualized using a biotinylated sec-
ond antibody and Vector ABC reagents. Prolactinlike immu-
noreactivity was localized in the clear cells of the secretory 
coil and, to a much lesser extent, in the basal layer of duct 
cells. In many of the clear cells, the immunoreactive material 
appeared as a lateral strip and occasionally, in favorable sec-
tions, as a horseshoe of reaction product a few microns in 
I n teleost fishes. prolactin is a vital osmoregulatory hormone [1] and in mammals there are several tissues in which prolac-tin has been shown to regulate ion and fluid transport. In mammals, prolactin increases renal tubular reabsorption of Na+, Cl-, and water [1 - 3], intestinal absorption ofNa+, Cl-, 
and water [4 -6]. Na+ reabsorption in the mammary gland (7 -11], 
and Na+/H+ exchange in NB2lymphoma cells [12]. 
Because mammary glands are essentiall y modified sweat glands, it 
seems reasonable to consider the possibility that prolactin may also 
affect ion and fluid movement in the sweat gland. 
Prolactin. or a closely related substance. has been localized in cells 
of the gut and mammary gland by immunocytochemistry [13,14]. 
We have, therefore, used this relatively straightforward technique 
. to determine the presence or absence of prolactin immunoreactivity 
in human eccrine sweat glands. We report the presence of abundant 
prolactin immunoreactivity in the clear cells of the secretory coil 
and patchy and less abundant immunoreactivity in the basal layer of 
reabsorptive duct cells. 
Manuscript received July 14.1988; accepted for publication December 
15.1988. 
This study was supported by ACS grant BC 562 to AMW and by grants 
from the Cystic Fibrosis Foundation to MTR and CJJ and from the Cystic 
Fibrosis Research Trust (U.K.) to CJJ. 
Some aspects of this study have been reported in abstract form at the 1988 
North American Cystic Fibrosis conference in Orlando. Florida. 
Reprint requests to: Dr. Ameae M. Walker. Division of Biochemical 
Sciences. University of California. Riverside. CA 92521-0121. 
Abbreviations: 
AB buffer: antibody binding buffer 
from the apical and lateral membranes. In a subset of clear 
cells, with more euchromatic nuclei and a long, thin cellular 
profile, the immunostaining was more intense and was local-
ized in a more juxtanuclear position. Controls for endoge-
nous peroxidase, and those using normal serum or antihuman 
prolactin serum preabsorbed with purified human prolactin, 
gave no peroxidase localization in the tissue. These results are 
important because 1) they represent the first demonstration 
of prolactin or a prolactinlike substance in the sweat gland, 2) 
the prolactinlike material was localized to clear cells that are 
thought to be responsible for much of the fluid secretion, 3) 
the necessity for prolactin or pituitary extract in primary 
cultures of sweat gland epithelium is potentially explained, 
although not fully understood, and 4) it means that further 
studies concerned with the possible influence of prolactin on 
ion transport in the sweat gland are warranted. ] Invest Der-
matol93:50-53, 1989 
MATERIALS AND METHODS 
Human eccrine sweat glands were dissected from skin plugs (ap-
proximately 2-3 mm wide by 4-6 mm deep) obtained by punch 
biopsy from the suprascapular region of healthy young adult male 
volunteers. No anesthetic was administered. Approval for this pro-
tocol had been obtained from the U.C. Riverside Human Subjects 
Committee. Upon biopsy. the skin plugs were transferred to water-
saturated mineral oil at 0_ 4°C, pending gland microdissection. 
Each flug was subsequently cleared of mineral oil by shaking 
severa times with dissection buffer (150 mM NaCI. 0.38 mM 
KH2PO •• 2.13 mM K2HPO., 1 mM MgSO.· 7 H20, 2 mM 
Ca(CH3COO)2, 10 roM glucose. pH 7.4) after which the biopsy 
was immersed in buffer and immobilized by pinning to a colored 
wax base. Eccrine sweat glands were located as opalescent coils by 
teasing through the connective tissue with sharpened Dumont No. 
5 forceps, working up from the lower dermis to the sebaceous 
glands just under the epidermis. Microdissected sweat glands were 
cleared of as much surrounding connective tissue as possible with-
out visibly stretching the coiled tubule. 
Fixation and Embedding Isolated sweat glands were fixed over-
night in 4% formaldehyde in 0.1 M sodium/hosphate buffer, pH 
7.4, rinsed with buffer and then dehydrate in a graded alcohol 
series to 95% ethanol. The glands were infiltrated in glycol methac-
rylate (LKB Historesin, Inglewood, CA) before transfer to poly-
merizing methacrylate in embedding molds. 
Five-micron sections were cut on a dry glass knife and dried onto 
microscope slides with low heat. The sections were then kept in a 
humidified atmosphere until subsequent immunohistochemical 10-
calization of prolactin. 
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Localization of Prolactin The sections were hydrated by im-
mersion in antibody binding buffer (AB buffer) (50 mM Tris, 
150 mM NaCI, 5 mM EDTA, 0.05% Nonidet P40 [Nonidet P40, 
(Particle Data Labs Ltd., Elmhurst, IL) is a nonionic detergent that 
aids in thorough hydration], pH 7.4) for 30 min, blocked against 
nonspecific serum binding using normal goat serum (1: 75 in AB 
buffer, Vector Labs, Burlingame, CA) for 20 min at room tempera-
ture and then incubated in antihuman prolactin (1: 100 in AB 
buffer) for 2 h at 37°C. The antihuman prolactin, raised in rabbits, 
was provided through the Hormone and Pituitary Program of the 
NIDDK (IC2, AFP C12081). The antibody was raised against 
highly purified human prolactin isolated from frozen pituitaries. It 
was distributed by the program as being suitable for immunocyto-
chemistry. It has been demonstrated in AMW's laboratory to bind 
only to prolactin, after two-dimensional electrophoresis of human 
pituitary proteins (Western blot analysis), and to be suitable for 
human prolactin radioimmunoassay. Positive controls included 
staining of human pituitary tissue. Negative controls included sub-
stitution for this antiserum by normal rabbit serum and by the spe-
cific antiserum that had been supplemented with 5 ,Ltg/ml purified 
human prolactin (NIDDK -1-7, AFP 9900). Antibody incubations 
were followed by several washes (15-min total) in AB buffer, fol-
lowed by one rinse in phosphate buffered saline (0.01 M phos-
phate). Bound antibody was detected using an ABC kit from Vector 
Labs. Briefly, sections were incubated in biotinylated goat antirabbit 
immunoglobulins, washed and then incubated in the ABC reagent, 
which produces biotin/avidin/biotin-peroxidase complexes. The 
sections were washed again, incubated in peroxidase substrate solu-
tion (0.01 % H 20 2 , 0 .05% diaminobenzidine in 0.05 M Tris buffer, 
pH 7.2) and then washed in water. The sections were finally coun-
terstained either with hematoxylin, to illustrate nuclei, or with 
toluidine blue, to distinguish between the clear and dark cells of the 
secretory coil. The sections were mounted in either Crystal Mount 
(Biomeda Corp., Foster City, CA) for the hematoxylin stain, or 
Coverbond (American Scientific Products, McGaw Park, IL) for the 
toluidine blue stain before photography on a Nikon microphot-FX 
using Kodacolor gold print film. 
RESULTS 
Prolactin immunostaining, as evidenced by precipitation of the 
brown peroxidase reaction product, was seen over a number of the 
clear cells of the secretory coil (Figs 1,3 - 5). Approximately 70% of 
the clear cells were stained in positive regions of the coil. In some 
instances the lack of staining in 30% of the cells could clearly be 
attributed to stain distribution and section plane (Fig 4). Lack of 
staining in other regions of the coil was variable and due in part to 
technical problems associated with the use of glycol methacrylate-
embedded tissue. Further studies involving serial sectioning and 
alternate embedding media will be necessary to determine whether 
there is any true regional distribution of prolactin immunostaining 
in the secretory coil. No staining was ever observed over the dark 
cells. Dark and clear cells were distinguished by their shape, orienta-
tion with res£ect to the lumen, and differential staining with tolui-
dine blue [15 J. In glycol methacrylate sections, toluidine blue was 
found to stain the cytoplasm of the dark cells a dark purplish blue 
(Fig 4 for clearest cross-sectional view) and that of the clear cells a 
very light blue. The nuclei of both cell types were intensely stained. 
Inside the clear cells, the immunoreactive material often appeared as 
a lateral strip and occasionally, in favorable sections, as a horseshoe 
of reaction product a few microns in from the apical and lateral 
membranes (Figs 1, 3 and 4). 
When the antibody concentration was reduced, or staining was 
not optimal for reasons discussed below, prolactin immunoreactiv-
ity seemed restricted to a certain subset of clear cells that ap~eared 
long and narrow and ran from the basal lamina to the lumen (Fig 5, 
arrow). These cells had more euchromatic nuclei and prolactinlike 
material was localized in a juxtanuclear position. 
Specific staining of the duct cells was very patchy and restricted to 
the basal layer of cells (Fig 6). At lower antibody concentrations or 
PROLACTINLlK.E MATERIAL IN HUMAN ECCRINE SWEAT GLANDS 51 
under nonoptimal staining conditions, no ductal staining was ob-
served. 
Normal rabbit serum controls (Fig 2) or controls using antibody 
preabsorbed with human prolactin, or endogenous peroxidase con-
trols showed no peroxidase reaction product (latter two controls not 
shown). With the glycol methacrylate-embedded material, we rou-
tinely obtained better inimunostaining as well as better histologic 
staining when freshly cut sections were kept humidified before use. 
Rehydration of completely dried sections gave less than optimal 
results. 
Immunostaining has been observed in sweat glands (taken from 
seven individuals) that have been fixed and embedded in a variety of 
ways (data not presented). Glycol methacrylate embedding gave the 
best microscopic resolution and hence was used for this study where 
a determination of cellular localization was a major goal . 
DISCUSSION 
Our discovery of a prolactinlike material in human eccrine sweat 
glands raises the possibility that prolactin, or a closely related sub-
stance, may be involved in the regulation of sweat production or its 
modification, or both, as it passes along the duct. The presence of 
prolactin immunoreactivity along the boundaries of clear cells, 
which possess extensive intercellular canaliculi, suggests that it is at 
this surface that prolactin may exert its effects in these cells. The 
canaliculi, which arise between clear cells and are lined by the mi-
crovilli of the cells, are branches of the main gland lumen [16]. They 
are believed to amplify the surface area for luminal fluid secretion 
and they become moderately dilated, presumably by the secretion, 
when the sweat gland is stimulated by cholinergic secretagogues 
[17] and by exercise [18] . 
The finding of apparently higher concentrations of prolactin in 
some clear cells suggests the possibility that this second set of clear 
cells, with a long thin cellular profile and juxtanuclear prolactin, 
may have a different role from the majority. It is possible. for exam-
ple, that these cells synthesize prolactin. This suggestion, which is 
tenuously made at present, can only be investigated by in situ hybri-
dization techniques aimed at detecting prolactin messenger RNA. 
An alternative explanation is that the long cells have a greater re-
quirement for prolactin and that all of the prolactin localized in this 
study was derived from the circulation. We raise the possibility of 
local synthesis, however, because prolactin appears to be locally 
synthesized in a number of extrapituitary sites [19,20]. Also, there is 
some evidence that species-specific neutralization of human prolac-
tin in human skin grafted onto the backs of athymic nude mice, 
affects the composition of the sweat produced [21]. Local synthesis 
would infer a paracrine activity for the prolactin produced. In other 
words, the prolactin produced would travel through the connective 
tissue fluid and not the bloodstream to reach the target cells. A third 
type of secretory cell, distinct from the dark and clear cells and 
morphologically akin to the long thin cell observed in this study, 
was described by Hibbs in 1958 [22] . Hibbs described the cell as 
having a fine structure halfway between a myoepithelial cell and a 
clear cell. Although his suggestion that it was a cell in transition 
between a myoepithelial cell and a clear cell was probably erro-
neous, his report may represent the first description of the apparent 
subset of clear cells that have shown up by prolactin immunolocali-
zation. More recent ultrastructural studies, however, do not men-
tion this third cell type. 
Because sections were gradually and incrementally stained with 
toluidine blue, we can be confident that there was no reaction prod-
uct over dark cells. Dark cells contain secretory granules that can be 
exocytosed to add small amounts of protein and glycoprotein to the 
fluid being secreted [16] . 
If, as suggested earlier, our ability to detect the prolactin immu-
noreactivity reflects concentration differences, our results with duc-
tal localization additionally suggest that the duct is a possible target 
rather than a producer of the prolactinlike material. Localization to 
the basal cells is consistent with either paracrine secretion from the 
long thin clear cells or delivery by the bloodstream. Isolation of the 
sweat glands before fixation and embedding ensured that we were 
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Figure 1. Secretory coil of a human eccrine sweat gland stained to demon-
strate the prolactinlike material. Staining is indicated by a brown peroxidase 
reaction product. In favorable sections, this appears as a horseshoe of reaction 
product (arrow) . This section was counterstained with hematoxylin to dem-
onstrate nuclei (bar: 10 ).1m). 
Figure 2. Nonspecific serum control indicating the lack of peroxidase reac-
tion product in the absence of specific antibody. Hematoxylin counterstain-
ing. sc, secretory coil; d, duct (bar: 20 ).1m). 
Figure 3. Oblique section through a portion of a secretory coil. Reaction 
product can be seen in the pale clear cells (arrows) . Toluidine blue counter-
staining (bar: 10 ).1m). 
Figure 4. Cross section of a secretory coil showing the differential staining 
of dark and clear cells. dc, dark cell; ce, clear cell. Toluidine blue counter-
staining (bar: 20 ).1m). 
Figure S. Portion of a secretory coil at high magnification showing a long, 
thin clear cell (arrow) . I, lumen; dc, dark cell. The true cell profile can only be 
discerned by through-focus observation and reference to neighboring sec-
tions. Toluidine blue counterstaining (bar: 10 ).1m). 
Figure 6. Section through a portion of a duct where a turn allows observa-
tion of the lumen, both layers of the epithelium, and a larger area of the basal 
layer. Staining of the basal layer is seen (arrows) . I, lumen. Note lack of 
staining in surrounding capillaries (triallgular arrows) . Toluidine blue coun-
terstaining (bar: 20 ).1m). 
not localizing prolactin smeared from local capillaries. The small 
capillaries, which remain associated with the coil, can be seen to be 
devoid of content. 
The localized material has been cautiously described as prolactin-
like rather than prolactin per se, as our only evidence for its being 
prolactin is its ability to bind antiprolactin antisera. Not only have a 
number of prolactinlike molecules been described in recent years 
[23 - 25), but prolactin itself occurs in a variety of molecular forms 
[26 - 29J. The exact identity of the material awaits extraction and 
biochemical analysis, a process that may take some time due to the 
apparently low amounts present in this tissue. 
Our results do not exclude the possibility that prolactinlike 
material might be released into the sweat as luminal prolactin may 
well have been washed out during the many solution changes in-
volved in preparation of the glands. In this regard it is of interest that 
high concentrations of prolactin are found in milk [30]. 
In summary, we have demonstrated prolactin immunoreactivity 
in the human eccrine sweat gland. This immunoreactivity is con-
fined to the clear cells in the secretory coil and appears to be espe-
cially concentrated in a subset of clear cells with more euchromatic 
nuclei and a more neuroendocrine cell shape. The degree and type 
of ductal localization suggests that duct cells, in addition to the 
majority of clear cells, are possible targets for this prolactinlike 
material. These results are important because 1) they represent the 
first demonstration of prolactin or a prolactinlike substance in the 
sweat gland, 2) the prolactinlike material was localized to clear cells 
that are thought to be responsible for fluid secretion, 3) the necessity 
for prolactin or pituitary extract in primary cultures of sweat gland 
epithelium is potentially explained, although not fully understood, 
and 4) it means that further studies concerned with the possible 
influence of prolactin on ion transport in the sweat gland are war-
ranted. 
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